The amount and character of the protein lost in the urine may vary widely during the course of renal disease (2) . Since proteinuria seems to result from increased permeability of the glomerular capillaries (2, 3) (though a reduction in tubular reabsorption of protein may also play a role [4] ), variation in proteinuria may be ascribed chiefly to changes in glomerular function. Progression or healing of the renal lesion undoubtedly alters the structure and area of the glomerular filtering surface with resultant change in the escape of protein from the plasma into the urine (5) (6) (7) (8) . In addition, proteinuria is affected by re- nal circulatory adjustments that may influence filtration. The renal vascular responses to congestive heart failure, shock, fever, violent exercise or pressor drugs such as epinephrine, are often associated with the appearance of proteinuria in normal persons and with augmentation of proteinuria in patients with renal disease (5, (9) (10) (11) (12) . Less striking changes in the renal circulation, such as those associated with assumption of the upright position, do not usually result in loss of protein by the normal kidney. Pre-existing proteinuria, on the other hand, may increase during orthostasis, suggesting that glomerular permeability may be more susceptible to change in the diseased kidney. The effect of orthostasis upon glomerular filtration, renal blood flow, and protein excretion 1 This work was supported by a grant from the Medical Research was studied -in patients with acute or chronic renal diseases in order to define more accurately the role of renal hemodynamic alterations in producing variation in proteinuria.
METHODS
Twenty studies were made in 19 fasting patients with well-documented renal disease: Acute diffuse glomerulonephritis (four), chronic diffuse glomerulonephritis (six), benign nephrosclerosis (three), chronic pyelonephritis (two), disseminated lupus erythematosus (two), malignant nephrosclerosis (one), and multiple myeloma without Bence-Jones proteinuria (one). Two subjects (W. M. and M. M.) with chronic diffuse glomerulonephritis also suffered from the nephrotic syndrome. Two studies were performed on one subject (M. M.).
An effort was made to select subjects with marked proteinuria as judged by the heat-acetic acid test. However, since this method provides only a rough estimate of the concentration of urinary protein, some subjects excreting less than four grams of protein per day were included in the series.
The glomerular filtration rate was measured as the inulin clearance, and effective renal plasma flow as the p-aminohippurate5 clearance (9, 13) . Tubular function was assessed in terms of the maximal rate of glucose reabsorption by the tubules (glucose T.) (9, 13) . Urinary protein concentration was determined by the micro-Kjeldahl method (7) and plasma protein concentration in blood collected without stasis by a specific gravity (copper sulfate) method (14) . Total protein clearance was calculated from the total excretion (mg. per min.) divided by the total plasma concentration (mg. per ml.). This calculation is useful in expressing alterations in total protein output relative to the plasma concentration provided changes in individual protein fractions of plasma or urine do not occur. Blood urea nitrogen was measured (15) in all but one subject (J. W.). The blood pressure was measured sphygmomanometrically and the mean pressure calculated as the diastolic pressure plus 40 per cent of the pulse pressure (16) .
In seven subjects urinary and serum or plasma protein patterns were determined by paper electrophoresis (17) before and during orthostasis and on return to the horizontal. In an attempt to obtain sufficient protein concentrations for clear resolution and identification, aliquots of pooled urine (usually 5 to 15 ml.) collected during the control periods and aliquots of single urine samples collected during the upright and recovery periods were reduced to volumes of less than 1 ml., by dialysis overnight through a cellophane bag against 20 (Table I) both systolic and diastolic pressures tended to fall. Although the seventh subject (R. W.), became quite pale and dizzy his arterial pressure was maintained. In all but S. G., who was able to remain upright despite slight weakness and nausea, immediate return to recumbency was necessary in order to prevent syncope. The arterial pressure then returned promptly toward or to control levels and symptoms of circulatory insufficiency disappeared in all but E. B. and R. W., in whom weakness and faintness persisted during the first fifteen minutes of recovery. In the remaining subjects circulatory adjustments during orthostasis were apparently adequate and symptoms of circulatory insufficiency did not develop.
Inulin and sodium p-aminohippurate (PAH) clearances
The averaged figures for inulin and PAH clearances during the control period, during orthostasis and during recovery are arranged in Table I (C,, and CPAH) according to the control values for the inulin clearances, in descending order. The responses to tilting upright and to standing at the edge of the bed were qualitatively similar, although somewhat greater percentile changes occurred in subjects who were passively tilted. During orthostasis the PAH clearance fell definitely (on the average 41 per cent) in 17 of 20 studies and the inulin clearance decreased similarly (on the average 41 per cent) in 17 instances (Table I, Figure  1 ). The PAH clearance was unchanged in three subjects (S. G., R. W., and A. D.) and the inulin clearance in three (S. G., B. W., and A. D.). The inulin and PAH clearances tended to fall proportionately so that the filtration fraction (F. F., Table  I ) was not greatly changed. The excessively high values for the filtration fractions in S. G., J. McC., E. B., M. S., and R. W. are probably the result of incomplete extraction of PAH by the diseased kidneys.
On return to the horizontal position the inulin and PAH clearances promptly returned to or toward control levels in all but two (E. B., and R. W., Table I ) of twelve studies.' In E. B. and R. W., the averaged values for the two recovery 1458 periods and in S. G. the values during the single In one subject (H. T.) the clearance values dur-"recovery" period (Table I) did not return to con-ing recovery were somewhat higher than control trol levels owing to continued depression of func-figures, but in other subjects the control values tion and/or intra-renal delay during the first fif-were not exceeded. teen minutes of recumbency. However, during
The absence of an "overshoot" in clearance vals the last recovery period the clearance values re-ues, as urine flow increased, during recovery turned to the control level in both E. B. and R. W. strongly supports the view that delay of filtrate within the tubules during orthostasis did not con-count for the fall in PAH clearance. However, tribute importantly to the changes observed dur-the degree of fall in PAH clearance, its associaing orthostasis. These changes may be ascribed tion with a similar decrease in inulin clearance to decrements in renal blood flow and glomerular and its reversibility support the view that diminfiltration. Since impaired renal extraction of ished PAH excretion under these circumstances PAH is characteristic of chronic renal disease (9) , was the result of reduced delivery of PAH by the a further acute reduction in extraction might ac-blood to tubular cells. Tubular transfer maximum (glucose Tm) The maximal rate of tubular reabsorption of glucose was measured in six subjects (Table II) . In all inulin clearance and glucose Tm fell to approximately the same extent, so that the inulin clearance-glucose T. ratio (CGi/Tmg, Figure 2) remained relatively constant. During recovery glucose Tm returned to control levels in four of the five instances studied.
Whether complete saturation of all tubules had been effected in these subjects could not be determined with certainty. Even at high plasma glucose levels saturation of the tubules may be difficult to achieve in advanced renal disease because filtration may be so greatly reduced in many nephrons. When the load imposed upon the tubules is reduced by a further fall in filtration, such as that which occurs during orthostasis, glucose T. may appear to decrease simply because the load has decreased in proportion to filtration. The filtered load of glucose fell below the control value for the maximal rate of reabsorption in J. McC. during orthostasis (load/Tm. [ Table II ] ratio less than one). In W. M. the load/Tm. ratio fell to 1.04, but in E. B., B. W., and A. C. the load remained much higher than the control value for Tm.r In view of the fall in Tm. even when the load was sustained at a high level and the proportionate reduction in Tmg and inulin clearance even when the calculated load decreased below the control rate of glucose reabsorption it seems most likely that the decrement in Tm5 may be ascribed to cessation of filtration in a proportion of the glomeruli. Since an excess of glucose was not excreted-during recovery, it may be inferred that delay within the urinary passages did not contribute significantly to the fall in glucose T., during orthostasis. The changes noted in CWnT, ratio during recovery cannot be explained but they are possibly attributable to inclusion of urine collected during the period of equilibration immediately after return to the horizontal in order to detect "overshoot."
Protein excretion
The excretion of protein in the urine decreased sharply in 18 instances, and remained unchanged in two (J. W. and W. M.) (UprV, Table I Table I .
Abbreviations as in Table I except as follows:
t Load/T., = glucose filtered (arterial glucose concentration (mg./ml.) X inulin clearance (ml./min.)) relative to maximal reabsorptive capacity (Tm5).
t Ci,/T, = glomerular filtration rate relative to maximal tubular reabsorptive capacity (ml./mg.), using the value for Tm8 obtained during the control periods.
cent) was too low for accurate measurement. The excretion of protein varied widely from subject to subject (1.0 to 9.9 mg. per min.) and showed a tendency to fall slightly during the control periods. Nevertheless, the fall in protein excretion during orthostasis is highly significant (t = 2.81, p < .01) when compared with spontaneous variations in proteinuria observed over a similar time interval in a group of eight proteinuric subjects studied during recumbency only. On returning to the horizontal position (12 studies) protein output tended to return toward, or to, control levels in all but five subjects (E. B., R. W., W. M., B. W., and M. L.) in whom the reduction in protein excretion persisted. The control value was exceeded on only one occasion (H. Y.) during recovery.
On the average, the excretion of urinary protein decreased 49 per cent during orthostasis, a value corresponding closely to the average changes in inulin and PAH clearances (Figure 1 ). The return of protein excretion to control levels was somewhat less rapid than the recovery in inulin and PAH clearances. Since plasma protein concentration remained relatively constant in most subjects total protein clearances showed directional and percentile changes similar to those for total protein excretion (Table I) . However, in a few subjects the plasma protein concentrations increased slightly owing to hemoconcentration (parallel increments in the hematocrit were usually observed) during gravitational pooling of blood in the lower extremities; hence, protein clearances tended to change less than protein output. Protein excretion fell relatively more than urine flow in eight instances (S. G., N. H., H. O'N., M. C., A. C., M. M. No. 2, R. W., and A. D.), and urinary protein concentration decreased. In B. W. the urinary concentration of protein did not change but, in the remaining eleven studies it increased.
In general the decrease in protein excretion during orthostasis was roughly proportional to the fall in filtration, but Since the glomerular filtration rate and the maximal tubular reabsorptive capacity for glucose (Tmg) appeared to decrease proportionately, the fall in filtration may be ascribed to a diminution in the area of the filtering surface, presumably as a result of cessation of function in a fraction of the nephrons. A similar fall in filtration and Tmg has also been observed in normal subjects during orthostasis (20) . The glomerular injury in the diseased kidney is notably diverse (21) Figure 3) suggest that factors other than the shape and dimensions of the plasma protein molecules may determine to some extent their escape into the urine. Thus, in one subject in terminal uremia (A. D., Figure 3 ) the urinary protein was almost entirely albumin, whereas in another with much less functional impairment (M. M.) the urinary protein pattern closely resembled that of the patient's plasma and contained a large amount of globulin. On the whole, however, total protein loss was correlated with the available filtering surface (Table  I) , decreasing as filtration declined with advance in the disease process. Moreover, protein escape apparently decreased less rapidly than filtration during the course of disease (Table I) . As a result, the protein output-inulin clearance ratio tended to be high when the kidney was severely damaged, conforming with the widely-accepted view that glomerular permeability tends to increase with progression of disease (3, 6, 7, 8, 92, 23) . SUM 
MARY
An investigation of the effect of the renal hemodynamic adjustments during orthostasis on protein excretion was made in nineteen patients with acute and chronic renal disease, Glomerular filtration rate (inulin clearance) and effective renal plasma flow (p-aminohippurate clearance) decreased almost immediately after assumption of the upright position in nearly every instance, apparently as a result of intra-renal vasoconstriction. Although the urinary protein concentration often increased under these circumstances the total protein output fell to approximately the same extent as filtration. The maximal rate of tubular reabsorption of glucose (glucose Tm) decreased with filtration in six determinations, indicating that cessation of glomerular activity in a proportion of nephrons accounted for the fall in filtration. Filtration, protein output, and glucose Tm tended to fall proportionately despite the diversity inherent in a diseased nephron population. It was concluded, therefore, that the population of nephrons remaining in operation during orthostasis did not differ substantially from the total. All constituents of the urinary protein mixture seemed equally affected since no obvious changes in urinary protein patterns obtained by paper electrophoresis were observed during or after orthostasis. This finding was interpreted as further evidence of a diffuse and relatively uniform vasoconstrictive response that did not significantly alter glomerular capillary permeability.
